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INTRODUCTION 
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jologj > > f the pi 5,| i ( i t polymers 

and process biUtj r xsges and . T is \ K:ti issible t e« >r select 

P oiyolefins,ssyr*mcP,ard'>»rtr t» m .ul- A'l... .tt ~p>cd- t ^ th* » Ji it dev 
hi pr da ^ is, it would ! * eficial to be le i fat th< m< i m 1< s 
a polymer to some characteristics of its moleeaiar weight distribution (MVVD) 
* < « <• , vemoahlv the unifying factor whereby relations can be 
w ,-.>»., ,i , i ( i s< a 5 uon<- on the op*, band a- d pjodoti 
properties on the other. 
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long and snort ..ham brant rnrg may he a tunc lion of moh> * ^ ti < l!l 
the melt indices of these polymers may also be affected by shear and thermal 
history effects.' 



EXPERIMENTAL 

The polymers examined in this study includes 

a. Bis commercial polystyrenes, crystal grade, that ware free of oils or other 
processing aide, with Ml values between 4.8 and 40 

b. Five commercial polypropylene* with Ml values between 077 and 12 

c. Ten LLDPE ethylene -butene copolymers made by the Unipol process, 
with Mi- hriw.^n o and lot* 

d. Sis HDPE polymers made by a slurry process, with MT values between 
0.14 and 6.2 

i byl ( u»de by the Dowlex pj >eess 

with a narrow Mi range of 0.8- I A. 

Table i lists M„, M„, M, ( and M 2 values of all the polymers jested. AH 

? Molecular << ! 1 dlsmbo; ions were it - 1 ' SFC, using b'h > i 
t ^ \ c 1 I o » < lei ! L i > 1< < ' 

crs i ! " t oo suit » r !«j i U s M\ f i t ! ^e l> en u- < 
was 1,2, 1 mn.oj.bem.etie at 145*0. Full o.x ra r,-/ pr ; .oedores have been de- 
scribed elsewhere. 8,9 
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the d.iVr ntia refract.omete.r HH ) i ,> i d- more strongly to lower molecular 



MELT FLOW INDEX VALUES POLYMERS 

TABUS I 
Mokcukf Weights of Polymers Used 



1SI5000 2MO00 

107000 167000 

R&iJiXi li>4O0O 

§4000 1 37000 

74000 1.35000 

861)00 130000 



443W 8460CO 274(5000 

39800 OirOJOO SirjOOOO 

28000 4 0,;000 3000000 

25000 3*1000 22O000O 

H(300 S&7000 2010000 



LLDT'E (I butane 

10000 98000 )0?ft0G 4 } 6000 

9000 80000 103000 408000 

00000 78000 140000 i.100000 

u«eo voooo mooo 4S«ooo 

1&000 '75000 68060 201000 

17000 mm 79000 400000 



54008 S070O0 



iiOOO 4300(5 
13000 4200(5 48000 

SOW) 20000 38000 



1.5000 4«'">00 5 47000 (UOOiXi 

iiiOOO -i&OOO 14300O OS9000 

17000 70000 SOSOOO 1033000 

10000 844500 204000 108HOO0 

17000 74000 302000 1039000 

J6000 7000O 331000 {019000 



weight species sines its sensitivity is supposed to be independent of size of the 
dissolved molecules. The best values for M,, and M c arc therefore from LALLS 
rai bile A bta ne< DBS * r.d the « i dib i< i 

i. ,<\ ti **■ ? * , - 5 'es ore quoted &s noted from tb< appropriate procedures. 
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M !: is derive from the universal calibration curve and therefore stems from 
DRI operation . 

We note here for completeness that M B is different from the other molecular 
weight averages quoted in that it can be a Junction of the solvent used tor 
analysis as well as of the MWD of the polymer. M,- can he shown to be defined 
by 

where sc> is weight fraelkm of species with molecular weight A*, and a is the 
exponent in the Mark Houwink. relation: 

luX^X&t (2) 

In general, the broader the MWD, the more M v may vary in different solvents." 
M,, is usually close to but smaller than M a because M«, is defined as 

M^Z^M; (3) 

and the exponent a in eq, {%) is usually between about 0.6 and 0.7ft in solvents 
, v , , i s i\,r< urpirti.n las 1 < nlOHa' UV- ,i 01 V! 

and i * I ■> -"tw ^ 1 < »j ga«d( s>M> h>rpolyethyl n 

and X - 0.0158 cm 3 /g and a : " 0.75, for polypropylene. 13 

Measurement of melt. How was carried out according to ASTM method. D» 

1238-82. The polystyrene samples were analysed nsmgthe condition designated 

230/3.8, while the polyethylene samples were characterised using condition 
1 > PI i iene samples me« flow index, was measured under 

condition 230/2.38. 



RESULTS AN.D iHSCUSSION 

The relationship between MI and molecular weight can be formulated in an 
approximate way. Consider a melt indexer, where a weight {constant pressure, 
P) is placed on a piston, tha forces polymer through a fixed die with radius R 
and length I,. The nselt index is given in units of grams/time. Therefore, 

Melt index ~ Ml ~ ksQ W 

However, from the Pouiselie equation for flow through an orifice. 

Melt viscosity, j? ~ i &) 
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Combining i 4} and (5), 



Aos'Pir 



r density, g/cra* 

r volumetric bovcrate. onbbs 



Hate that under melt index conditions, X will he & constant, for a given 
polymer. Many equations have been put forward for the relationship between 
viscosity and sheer stress." A common form is 



where % is zero shear viscosity and ?? is viscosity id shear stress t. However, r 
_ rj»/ / «it fn t-It mde i fhervlbre/{ m cq < may N 

considered is coiicunu. K : . There lore. 



The aero shear viscosity can ix; related to A-L. of the polymer by 
(typically, x is from 3.4 to 3.7), Combining. e<p, (8) and <9), 



Ml "' « 6 ! Mi. (30) 
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Hemo - >f" the m t d > i pt i . < > Vi > 1 im > r« t 

gnores iri ona i po chap " ! that ar Known > e s. ts in id &\& 
ignores changes in that cars result from the addition of processing oil* and 
other materials to the polymer. Nevertheless., fur polymers made by one man- 
ufacturer with a fixed additive package and uniform polydispersity. the preceding 
form «honid bold 

A plot of 1/MI vs. Ml* for the polystyrene samples is shown in Figure 1; a 
{ ilj i 1 u id £ hat 3 pies 

ia<l sim $ « pi cities ,Ai ' \f and U s / M u I and no added processing 
oils, interestingly, however, added oils can he incorporated into the melt index 
equation, as shwa hy results iron? Wooden and co-workers'" o sing & log form 
ofeq. ao>: 

hi (Mi) » 22.15 - 3.79 ln{Mj + 0.255 (oil) 

•f 0.189C low) + 0.495 (monomer ) { Id ) 

where oil - mineral oil concentration 

k;w •••••• low molecular weight polymer (fraction Ixdow M :i , 5000) 

concentration 
monomer atyrene concentration 

For the polypropylene samples, the plot of 1/MI vs. M,., ;'Fig. 2) gives the 
I e plot of 1 '.Miss M ! r > ' > < < opo yiw r 

samples (Fig. -.0 does not give as good a result as tor the polystyrene case. 
However, a plot of I /Ml vs. M'f was essentially linear, as shown In Figure 4. 

The plot for ethylene/ 1 -octene copolymers is shown in Figure 5. The spread 
of melt indices is not very great, but it appears that a linear relationship can 
he seen. At the same time, however, one sample Is far removed from the others. 

The data for the HOPE samples are plotted in Figure 6. The correlation is 
quite poor and may reflect the problems of getting reliable low melt indices, ass 
well is the t shea: stoi < » tlu melt flow properties of such 

polymers.*' 18 

Since the molecular weight dm rlbotions of ah polystyrene samples are sim- 
ilar, it is not surprising that good correlation is seen between the logarithm of 
the MFI ami any molecular weight average. Practically, the most accessible 
molecular weigh; average is Al,, from dilute solution viseometry, A. plot of 
$n MM-- i » .seci - ! . 1 or, I t u-dit.m. s Hi < 

fcr t« >- hiKOr i ie in i < > Tta rd UP., 1 « < . . 1 u M < in 

be attributed to the parallels between M,. and M„ already noted. 

The best statistical correlation for t he ethylene/ i -butane copolymers exists 
i v vfFl tl.. The linear equati lati t t) ( >f ramel J 




ssigiiifi < ui< 5 s f i * 1 t I is. Thi equation 

of a linear fit to the Irs MFI vs. M„ data is 

M K « - 8480.8 X In MP! 4 62836 (13) 

with a coi ate eoeffk :a. of U.y 

The MFI probably reflect* some undetermined features of the molecular 
weight distribution as well as the particular mm! re of mtertnolecular contacts 
between polymer molecules. For simplicity we may assume that the hitter reflects, 
entanglements in the usual sense. The refotree influences of these two factors 
may vary between polymers. Commercial polystyrenes and polypropylene*" 
fcaveMWDs n similar in pe. Th< vi fast p < re relatively 

;I i U 1 !f i l > s ' l < > •!> 

!o=\v.u < - .sc.;- ' t » r u i . i on u ultiu * states are 
mow ov^Im r.the-a* « »r, » t, > m-tonMr mid 

Af„ is prohabiv fortuitous for the particular samples we studied, since it is 
different for the hutene LLDPEs and HDPEs and does not apply at ail to the 
octane LLDPEs. 

We believe, in conclusion, that the general analytical relation between MFI 
and M ; , or any other moment of the molecular weight distributions can be 
formulate ». Iwi h esc; >r seas y ^ n * m of -m ar 

^ok vlar > iv, v. os >. pr >v p In- > h > in < h 5 > i m r « t 
shea modii d> s o yn howev* the situation ss s re* plex md no s 

s ned unless the rl i f the polymer 

can be characterized. 
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